This cross-sectional study explored the work-related and individual factors that contributed to the occurrence of low back pain and affected activities of 36 personal care workers at an old age home in Hong Kong. The study was divided into four parts: (1) a questionnaire documenting workload exposure factors; (2) a musculoskeletal symptoms survey documenting the prevalence of low back pain in this group of workers; (3) a worksite evaluation focusing on personal care workers' work postures and the work environment; and (4) an evaluation of physical fitness and lifting capacities of personal care workers. Univariate followed by multiple logistic regression analyses were used to identify the risk factors associated with low back pain that affected work activities. The results revealed that low back pain was associated with the perceived physical demands of cleaning tasks (odds ratio [OR] = 7.28, 95% confidence interval [CI] = 1.35-39.35, P < .05), perceived demands of awkward sustained back (OR =4.46, CI =0.86-22.97, P =.074) and neck (OR =0.18, CI =0.04-0.81, P < .05) postures, and thermal stress at work (OR =49.80, CI =0.70-3541.79, P =.072). The results of the current study indicated that the work environment contributed to low back pain at work. Workers perceived that exertion in workplaces has a role in assessing workplace risk. To avoid progression of low back pain in the workplace, work adjustment or modification should be considered when workers report high levels of perceived exertion at work.
Applying Research to Practice
Work-related musculoskeletal injuries, especially low back pain, are common among personal care workers in old age homes. Workers' perceived high physical exertion in the workplace is a factor for the development of low back pain. To avoid progression of low back pain in the workplace, work adjustment or modification should be considered when workers report high levels of perceived exertion at work. musculoskeletal and low back injuries. It has been frequently reported that nursing assistants are more likely to suffer from low back pain than registered nurses (Eriksen, 2003; Guo, 2002; Trinkoff, Johantgen, Muntaner, & Le, 2005) .
Many researchers have investigated the risk factors for low back pain among nursing personnel. As early as 1990, Garg, Owen, Beller, and Banaag (1991) investigated the work demand, equipment, work posture, work environment, and physical stresses of nursing assistants, concluding that low back pain is inevitable among nursing assistants due to the high work demand and physical stresses. Eriksen, Bruusgaard, and Knardahl (2004) further suggested that not only biomechanical but also organizational, psychological, and social work-related factors contribute to low back pain-related sick leave among nurses' aides. A recent prospective study showed that both psychological and physical characteristics were significant and independent predictors of new-onset low back pain (Mitchell et aI., 2010) . Low back pain is multifactorial in origin and may be associated with both work-and non-work-related factors. Previous low back pain studies have been criticized as being too narrowly focused on only one or perhaps two categories of individual, physical, and psychosocial risk factors (e.g., Nelson et aI., 2006) . Multifactorial interventions have been suggested to be the best approach to alleviating low back pain in the workplace (Dawson et aI., 2007) . Thus, the purpose of this study was to use a multifactorial approach to identify factors related to the occurrence of low back pain among personal care workers in an old age home. Both objective physical measurements and self-reported questionnaires were used to document various lifting, physical, health, and lifestyle factors of the workers. Figure 1 illustrates the conceptual model of the risk exposures and outcomes of work-related low back pain.
METHODS

Study Design
All of the personal care workers in a local old age home were invited to participate in this study. Workers with disabling low back pain symptoms that required sick leave during the last 7 days prior to the testing or who had a history of spinal surgery, diagnosed metabolic illness or cardiovascular disorders (e.g., rheumatoid arthritis, cardiovascular disease, diabetes, hypertension, or malignancy), or any severe pathology of prolapsed intervertebral disc were excluded from the study. However, none of the workers met these exclusion criteria. With support from the Administrative Department, workers completed the assessment during work hours. The study was approved by the university's Ethics Committee of Human Research.
The effect of the interaction between workload exposure and personal variables on low back pain prevalence was evaluated. Data collection was divided into four parts: (1) a questionnaire documenting workload exposure factors; (2) a musculoskeletal symptoms survey; (3) a worksite evaluation focusing on personal care workers' work postures and the work environment; and (4) an evaluation of the physical fitness and lifting capacities of the personal care workers.
Workload Exposure Questionnaire and Musculoskeletal Symptoms Survey
This questionnaire consisted of three parts: a work demand evaluation, a self-perceived work ability and personal care workers' demographic data survey, and a musculoskeletal symptoms survey. The 55-item work demand evaluation aimed to document the physical task requirements, mental task requirements, physical environment requirements, and socio-organization environment requirements. The self-perceived work ability survey consisted of 32 items about commonly performed physically demanding tasks and workers' tolerance of various work and work environment characteristics. Each item was assessed using a 7-point rating scale with linguistic descriptors anchoring the scale (i.e., "very very low," "very low," "low," "moderate," "high," "very high," and "very very high"). This measure has been used in previous studies to evaluate manual lifting tasks (Yeung, Genaidy, Deddens, Alhemood, & Leung, 2002; Yeung, Genaidy, Karwowski, & Leung, 2002) . The survey also collected workers' demographic data (i.e., age, education, marital status, and years of work experience). An earlier study indicated the internal consistency (Cronbach's alpha) of similar workload exposure scales ranged from 0.66 to 0.96 (Yeung, Genaidy, Deddens, & Sauter, 2005) .
Work TaskFactors
Posture Evaluation. The Ovako Working Posture Analysing System (OWAS), originally used to document work postures in the Finnish steel industry (Karhu, Kansi, & Kurinka, 1977) , was used to estimate the frequency and repetitiveness of various body postures when performing work tasks. It is a simple, systematic classification of back, upper arm, and lower limb positions and force exertion at different work postures. Coding classifications are used for the positions of the back, upper limbs, and lower limbs. The results of the OWAS assisted in the identification of job tasks prone to work-related injuries or accidents.
Four personal care workers were conveniently select- ed by the head nurse for the video recording of their work tasks during an 8-hour daytime shift. Nine basic work tasks (i.e., preparing meals, feeding residents, dressing and undressing residents, pushing wheelchairs, cleaning, transferring residents, showering, turning residents in bed, and changing diapers) were chosen for analysis.
Observations of the video recordings were made at 10-second intervals. Each posture was classified by a 4-digit code based on the positions of the personal care worker's back, arms, and legs and the loads handled. According to the posture combination and the relative time spent in that posture, four action categories were classified and the potential stressful work tasks were then identified for recommendations.
Work Environment Evaluation. Equipment and environmental design of the old age home were evaluated to identify the possible risk factors associated with low back pain in the workplace. The dimensions of the frequently used equipment and facilities were measured. Also, a checklist was used to evaluate whether (I) the walking surface was uneven or slippery in the ward area, corridor, dining area, and bathing area; (2) the workspace was too limited for work movement; (3) the lighting was inadequate; (4) broken equipment was unattended; and (5) lifting aids were not available. A "yes" on the checklist represented potential risk factors in the workplace.
Evaluation of Physical Fitness, Lifting Capacity, and Anthropometric Measurement
Thirty-two of the 36 personal care workers volunteered for a comprehensive physical fitness evaluation that included cardiopulmonary fitness, flexibility, muscle endurance, body composition, and isometric lifting ca-AAOHN JOURNAL. VOL. 59, NO.8, 2011 pacities. The internal reliability of these tests has been reported to be high (r =0.68-0.96) (Heyward, 1998; Jackson, Pollock, Graves, & Mahar, 1988; Morrow & Jackson, 1995; Safrit & Wood, 1995) . Body weight and height were measured to calculate body mass index. All tests were performed with standard equipment and trained personnel. Rest periods were given between each test. Cardiopulmonary Fitness. The Queens' College step test was used to assess the cardiovascular capacity of each personal care worker. Personal care workers stepped up and down on a 12-inch bench for 3 minutes with a pace of 24 steps per minute. The pace was set by a metronome at 96 beats per minute (i.e., four clicks equal one complete Corridor width
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Corridor length 33.00 step). After 3 minutes, the personal care worker sat down and within 5 seconds, the recovery pulse rate was measured manually for I minute. Flexibility. Flexibility was measured with the FlexTester (Novel Products Inc., Rockton, IL). Each personal care worker was instructed to sit on the floor with legs straight against a Flex-Tester secured against the wall. With both palms facing downward and hands overlapped , the personal care worker reached as far as possible with fingers touching the movable marker. Knees remained straight and in contact with the floor during the test. The recorded mark was the most distant point reached by fingertips of three trials.
Muscle Endurance. The l-rninute sit-up test was used to assess muscle endurance . The personal care workers started with a knee-bent position, lying flat on their backs with feet stabilized by the tester. They crossed their arms in front of their chests and sat up until their arms touched their thighs. This action was counted as one complete sit-up. They were instructed to perform as many sit-ups as possible in I minute.
Body Composition. Body composition was assessed using bioelectric impedance analysis (Tanita, TBF-300A, Tokyo, Japan). Each personal care worker was asked to . stand barefoot on metal foot plates; the machine estimated the percentage of body fat by measuring resistance to the current.
Isometric lifting Capacities. Isometric arm lift, leg lift, and back lift strength (National Institute for Occupational Safety and Health, 1981) were determined by an isometric lifting station (Tracker M.E. Series . JTech Medical Industries, Salt Lake City, UT). Personal care workers were asked to complete three trials at each lift; the average of the three trials was recorded as the maximum isometric lifting capacity.
Case Definition
Low back pain was the outcome measure in this study, defined as the presence of any "aches. pains, or discomforts" in the lumbar or lower back region in AAOHN JOURNAL· VOL. 59, NO.8, 2011 the past 12 months that limited work activities but did not require sick leave. The duration of low back pain within the past 12 months was not specified. Low back pain was assessed by a Chinese version of the Nordic Questionnaire, modified from the Nordic Musculoskeletal Symptom Survey (Kuorinka et al., 1987) , with body diagram to illustrate the respective body regions as previously described (Yeung, Genaidy, Deddens, et ai.,2002) . 
Data Management and Statistical Analysis
All analyses used SPSS software, version 16.0 (Statistical Package for the Social Sciences, Chicago, IL). Univariate logistic analysis was first used to identify variables that were significantly related to the occurrence oflow back pain. Independent variables associated with the dependent variable at a significance level of p < .1 were selected for subsequent multivariate logistic regression analysis. The magnitude of association was determined by obtaining the odds ratio (OR), parameter estimates (beta coefficients), 95% confidence intervals (CI), and significance levels.
RESULTS
Worksite Evaluation
Posture Evaluation. A total of 2, 162 observations of the nine basic tasks were recorded. Table 1 displays the percentage of time spent on the nine basic activities. The percentage of observed postures in Action Category 2 or above of each task is presented in Figure 2 . Changing diapers, transferring, and dressing and undressing were the top three tasks for poor back posture.
Work Environment Evaluation. The work equipment and environment were generally satisfactory. However, only 25% of the 283 beds were adjustable and the manual cranks were difficult to reach without routine maintenance. Armrests and footpads were nondetachable on some wheelchairs, and most work surfaces (e.g., beds, cupboards, and tables in the dining room) were nonadjustable. The measurements of the equipment and facilities are summarized in Table 2 .
Prevalence of Low Back Pain
Of the 36 personal care workers who participated in this study, 10 (27.8%) reported low back pain that limited their work activities in the past 12 months.
Physical Fitness Profile. The physical fitness profile and anthropometric measurements of the personal care workers appear in Table 3 . An independent t test revealed no significant difference between personal care workers with low back pain and those without. Table 4 displays the results of the univariate logistic regression analyses. The results indicated that individual physical profiles and lifting capacities did not contribute to the occurrence of low back pain at work. Among the work demand factors, the perceived physical demands in lifting and lowering heavy objects, demands of awkward sustained neck and back postures, demands of loading on the back, and effort in completing cleaning tasks contributed to the occurrence of low back pain. Among the physical environment factors, perceived thermal stress and improper ventilation were associated with the occurrence of low back pain. Among the individual factors, low back pain was associated with workers' perceived muscular effort and risk of mental illness in response to work requirements. The multivariate logistic regression analyses are summarized in p = .074) and neck (OR = 0.18, CI = 0.04-0.81, P < .05) postures, and thermal stress at work (OR = 49.80, CI =0.70-3541.79, P =.072). The model classified 92% of the observations correctly (i.e., 9 of the 10 low back pain cases had been correctly classified; 24 of the 26 non-low back pain cases had been correctly classified).
Logistic Regression
DISCUSSION
This study explored different categories of risk factors that might contribute to work-related low back pain among personal care workers. The results indicated that "p =.074. ***p =.072.
personal care workers who had low back pain in the past 12 months that affected their work activities were more likely to perceive more awkward sustained back postures, physical demands in cleaning tasks, and thermal stress at work. Those who reported more awkward sustained neck postures in the workplace were less likely to complain of low back pain. The perceived awkward sustained back postures were probably related to the work environment. For instance, although devices such as lift belts or transfer tubs were available for ease in lifting and turning in this old age home, most of the personal care workers did not use them, claiming they were time-consuming. Most (75%) of the beds in this old age home were nonadjustable and fixed at 50 centimeters in height. Personal care workers seldom adjusted the bed height, stating that the manual cranks were not regularly maintained and were difficult to operate. Similarly, armrests and footrests on some wheelchairs were not removable and hindered transfers from wheelchair to bed. These environmental work constraints stressed the personal care workers' lower backs when they assisted clients up from bed because they had to sustain their backs in a flexed position when performing this task. It has been suggested that resident handling tasks involve a significantly greater percentage of harmful postures in nursing work (Byrnes, Reeder, Jin, & Pachis, 2004; Hignett, 1996; Smedley et al., 2003; Trinkoff, Brady, & Nielsen, 2003) . Caboor et al. (2000) further suggested that adjustable bed height could significantly decrease the potential health hazard zones of spinal motion in extreme positions.
Despite the fact that the postural analysis data of the current investigation were from a small convenience sample, some meaningful trends were observed. Fifty percent of the 2,162 observed postures were identified as harmful back postures according to OWAS. Feeding clients and preparing meals were the two most frequently performed harmful tasks. For these two tasks, the personal care workers normally adopted a bending, twisting, or prolonged stooping posture. These repetitive and AAOHN JOURNAL. VOL. 59, NO.8, 2011 sustained back movements may increase back muscle fatigue near the end of the work shift (Hui, Ng, Yeung, & Hui-chan, 2001 ) and consequently increase the risk of back disorders. Therefore, when determining the harmful postures resulting in low back pain, both client-and non-client-handling tasks should be considered because the effect of shift-long loading on personal care workers may be underestimated. In a 3-year prospective cohort study, Hoogendoorn et al. (2002) found an increased risk (OR =1.4) of low back pain when workers increased their exposure to heavy load and flexed trunk posture. These findings were corroborated by a recent study that continuously monitored work activities and postures among long-term care nurses for entire shifts. The study revealed that patient lifts and transfers accounted for less than 4% of the shift; patient care, unloaded standing and walking, and miscellaneous tasks accounted for 85% of the shift. The nurses had a median trunk flexion angle of9.2°, spent 25% of their time flexed beyond 30°, and had peak flexion angles greater than 75°during many tasks (Hodder, Holmes, & Keir, 2010) . A recent study also showed that, among workers in a special school for severely challenged students providing frequent manual assistance to the students, those with low back pain had spent significantly more time in static trunk postures compared to those without low back pain (Wong, Lee, & Yeung, 2009) . Thus, analysis of workers' posture throughout the work shift is essential when assessing the risk factors associated with low back pain.
It must be noted that among those work demand factors that contributed to the occurrence of low back pain in the univariate analyses, only workers' perceived physical demands in cleaning tasks and awkward sustained postures significantly predicted low back pain in the final model. On the other hand, personal care workers perceived that cleaning tasks contributed to low back pain. Those who experienced low back pain at work may have perceived the cleaning tasks as more strenuous than those who did not have low back pain. This finding indi-cated personal care workers' perceived exertion at work is a strong indication of musculoskeletal complaints. The association between perceived effort and low back pain supports prior research. In a l-year prospective study, high perceived physical exertion was a risk factor for lower back symptoms among nursing aides 45 years or older (Josephson et al., 1997) . Perceived high physical demand was significantly associated with low back symptoms in a random sample of 1,500 ambulance personnel (Ulrika, Barnekow-Bergkvist, Angquist, & Brulin, 2005) . Daniels, Huang, Feuerstein, and Lopez (2005) further corroborated that occupational low back pain with limited duty and time loss was significantly associated with greater perceived effort at work for military recruits. Another study showed increased risk (OR = 7.95) of developing low back pain among non-emergency ambulance transfer workers when they perceived high effort exertion at work (Tam & Yeung, 2006) . These studies all indicate that workers' perceived exertion at work is associated with varying severities of low back pain. A single perceived effort index might oversimplify the synergistic effect of multiple risk factors. Self-perceived effort is an integration of multiple factors, including workers' knowledge of their own work environment, their health and well-being, and other non-physical work factors associated with work. Previous studies (Yeung, Genaidy, Deddens, Christin, & Leung, 2003; indicated that personal knowledge and experience can be used to evaluate the physical effort required for various lifting tasks to quantify the physical meaning of lifting task variables at workplaces. However, in this investigation, both exposure (perceived workload) and outcome (low back pain) were assessed by self-reports. Personal care workers with negative affectivity may have perceived their workload more negatively; thus, potential bias from the workers' evaluation and reporting of symptoms exists. As illustrated in Figure 1 , the same physical factors might lead to varying load and tissue responses to different non-physical factors and individual characteristics. In the same way, for the same tissue response, workers' responses to the load could be different. These possible confounding effects were not addressed by the current experimental design. Those who reported higher awkward sustained neck postures in the workplace were less likely to complain of low back pain. No apparent explanation exists for this finding, although it might be due to those who reported more awkward sustained neck postures adopting different work postures compared to other personal care workers.
The mean age of these personal care workers was early 40s. It is well-known that the nursing work force is aging, and older workers are more prone to work-related musculoskeletal disorders (Hill, 2010) . Although the cumulative effects of workload on aging workers cannot be assessed with the current experimental design, an earlier meta-analysis indicated an association between low back pain and cumulative spinal loading (Waters et al., 2006) . Thus, to support the retention of experienced workers, effective injury prevention strategies must be incorporated in the workplace.
LIMITATIONS OFTHE STUDY
Findings related to risk factors for low back pain among personal care workers should be interpreted with caution because causality cannot be established from this cross-sectional study. Also, the inclusion of personal care workers working at only one old age home must be considered when interpreting the data. Nonetheless, the results of the current study corroborate findings of other studies indicating that work environment contributes to low back pain at work.
IMPLICATIONS FOR PRACTICE
Strategies must be developed to protect and retain experienced workers. Emphasis must be placed on interventions to alleviate work-related musculoskeletal injuries among personal care workers in old age homes. Although ergonomic design and worker training might serve a role in the prevention of low back pain at work, workers' perceived exertion in the workplace is invaluable in assessing risk. To avoid progression of low back pain in the workplace, work adjustment or modification should be considered when workers report high levels of perceived exertion at work. Workers must be consulted when conducting risk assessments and instituting interventions.
